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1. [bookmark: _Ref525302579]Introduction
In RAN2#104 meeting, it was agreed that five scenarios were included in the TP [1]:
· Scenario 1: Intra-UE DL Prioritization;
· Scenario 2: Intra-UE UL Prioritization: Resource Conflict between Configured and Dynamic Grants;
· Scenario 3: Intra-UE UL Prioritization: Resource Conflict between Dynamic Grants;
· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Information and Control Information;
· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Information and Data.
In this document, further details of the different scenarios are analyzed and conclusions are derived.
2. Discussion
2.1 Scenario 1: Intra-UE DL Prioritization
In release 16, intra-UE downlink prioritization can be supported. As illustrated in Figure 1, a dynamic DL assignment received on PDCCH can override a previously scheduled assignment on overlapping resources. Since the DCI carries the scheduling information, no other mechanism or specific signal is required to indicate the overriding. PHY can derive the cancellation of the TB scheduled by the second DCI, after PHY detects the second DCI, instead of doing a round-trip decision where PHY decodes the 2nd DCI, provides it to MAC and then MAC indicates back to PHY to cancel the decoding of the associated TB. The preempting assignment can be a new transmission or a re-transmission. Meanwhile, since the HARQ process ID is assigned by the network, no restriction seems required regarding the HARQ process ID of the 2nd DL assignment.
Moreover, Figure 1 shows both cases where the 2nd DCI is received before and after the 1st transmission has started. Unless concerns are raised by RAN1, from RAN2 perspective there is no restriction in supporting both cases. 


[bookmark: _Ref426736]Figure 1: Intra-UE downlink Prioritization and Multiplexing
Then, it is proposed:
Proposal 1a: No other mechanism or specific signal is required to indicate the overriding.
Proposal 1b: PHY can derive the preemption by itself from PDCCH parsing without the need for MAC to explicitly instruct anything
Proposal 1c: No UE autonomous selection of which PDSCH to prioritize is foreseen
Proposal 1d: From RAN2 perspective, in case of partial overlap, the 2nd DCI can be received before or after the 1st transmission has started.
2.2 Scenario 2: Intra-UE UL Prioritization - Resource Conflict between Configured and Dynamic Grants
The possible use cases for this scenario are the usual legacy use cases where the dynamic grant aims at preempting the configured grant if it comes e.g. in response to an SR for a high priority channel or for a HARQ re-transmission of a TB from a high-priority channel. In which case it seems logical that the legacy rule applies, i.e. the dynamic grant overrides the configured grant. However, an additional use case can be that NW schedules a dynamic UL grant for eMBB to be used by UE in case the UE has no data for the configured grant and would have skipped it (assuming eMBB data is not permitted to use the configured grant by LCP channel restrictions). This improves the resource efficiency, also considering the higher configured grant density expected in rel-16. But if high priority URLLC data would be available to be transmitted in the configured grant, then the legacy rule should not apply anymore and instead the configured grant should take priority over the dynamic grant. As a result, a dynamic grant received on PDCCH may or may not override a configured grant on overlapping resources depending on prioritization rules involving the characteristics (e.g. priority) of the LCHs potentially carried in the grants. Hence such prioritization rules should be defined by RAN2 for UE’s MAC. 
Proposal 2a: Prioritization between dynamic and configured grants on overlapping resources is decided by UE based on RAN2 (MAC) criterions.
A direct consequence of the above proposal is that, since UE decides which grant overrides the other, there is no need for any explicit indication from the network about the overriding.
Proposal 2b: No specific signal or DCI field is required to indicate the overriding.
Moreover, it is very unlikely from PHY perspective that the original UL transmission is kept on-going around the pre-empted resource for reasons like the UE transmission power cannot change dynamically, etc. Hence, we expect RAN1 to conclude that the only possible solution is that the pre-empted transmission is fully cancelled rather than partly transmitted. Since it will also simplify RAN2 work keeping the same behavior as currently when dynamic grant overrides a configured grant, we suggest taking this as a baseline assumption for further RAN2 work.
Proposal 2c: RAN2 takes as working assumption that the de-prioritized transmission is fully cancelled (no partial transmission is performed in UL).
From RAN2 perspective, no assumption is made on the timing of the prioritization: for example in Figure 2-right, the CG can take priority over the DG as soon as some data for the CG arrives, even after the DG transmission has started. 
Proposal 2d: From RAN2 perspective, there is no assumption that no transmission would have started before a prioritization decision can be made.
It is also interesting to analyze the RAN1 impacts of the above proposals:
· Since UE autonomously decides which of dynamic or configured grant is prioritized, gNB must be able to detect which of dynamic or configured grant was transmitted
· Taking Figure 2-right, where the UE starts transmitting DG PUSCH and then decides to switch to CG PUSCH: the detection by the gNB could be problematic if the physical resources overlap in frequency. Some scheduling restrictions may be requested by RAN1.
· Switching from DG transmission to CG may not be power efficient depending on the amount of processing already done and remaining for completing the DG reception.  
Observation: It is FFS in RAN1:
· how gNB will detect which of dynamic or configured grant was transmitted;
· if any scheduling restrictions (e.g. no overlap in frequency, DG cannot start earlier than CG, …) are required for this scenario;
· if any RAN1-specific prioritization criterions e.g. processing latency and power saving impacts




[bookmark: _Ref426857][bookmark: _Ref532806737]Figure 2: Scenario 2: Intra-UE UL PUSCH prioritization between configured grant and dynamic grant
2.3 Scenario 3: Intra-UE UL Prioritization - Resource Conflict between Dynamic Grants
In this scenario, a dynamic UL grant received on PDCCH conflicts with a previously scheduled grant on overlapping resources. Since both grants were scheduled consecutively by the gNB, similar to scenario 1 and unlike scenario 2, there is no ambiguity that the gNB scheduled the latter grant for the very purpose of preempting the former. The expected use cases are the same as those from scenario 2 where the dynamic grant overrides the configured grant i.e. in response to SR for a high priority channel or HARQ re-transmission of a TB from a high-priority channel. Hence, in this scenario, UE follows the NW instruction to preempt the previous transmission, i.e. no UE autonomous selection of which PUSCH to prioritize is foreseen. 
Proposal 3a: No UE autonomous selection of which PUSCH to prioritize is foreseen for this scenario.
Like scenario 1, no other mechanism or specific signal is required to indicate the uplink overriding and PHY can derive the uplink preemption by itself from PDCCH parsing the DCI without the need for MAC to explicitly instruct anything. Besides, similar to scenario 1, it is not necessary to restrict the HARQ process ID for the two UL assignments. 
Proposal 3b: No specific signal or DCI field is required to indicate the overriding.
The similar assumption should be made as for scenario 2 regarding the de-prioritized transmission:
Proposal 3c: RAN2 takes as working assumption that the de-prioritized transmission is fully cancelled (no partial transmission is performed in UL).
Similar to scenario 2, it is FFS in RAN1 if any scheduling restrictions (e.g. no overlap in frequency, DG1 cannot start earlier than DG2, …) are required for this scenario.
The procedure is illustrated in Figure 3.


[bookmark: _Ref428740]Figure 3: Intra-UE UL Prioritization and Multiplexing – Resource Conflict between Dynamic Grants
2.4 Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Information and Control Information
Since CSI is not associated with any given LCH, prioritization involving CSI collision is expected to be RAN2-agnostic.
Proposal 4a: Prioritization involving CSI collision is expected to be RAN2-agnostic hence is out of RAN2 scope.
The resulting cases to be discussed in RAN2 can be classified as:
Case 1: Resource Conflict between SR and SR.
Different SR configurations can be configured for different logical channels, based on their traffic characteristics. For example, for logical channels carrying the most stringent IIOT services, the SR may be configured with short SR period and short PUCCH duration. Hence, the network has full flexibility in avoiding, by configuration, SR resources from different SR configurations to overlap in time. Hence, with proper SR configurations, such collision should not happen.
Proposal 4b: Further study on priority handling between SRs with conflicting resources is not needed.
Case 2: Resource Conflict between HARQ feedback and HARQ feedback.
Such collision may happen when a latency-critical DL transmission is scheduled to be received right after an earlier transmission and both HARQ-feedback resources overlap, as illustrated in Figure 4. From RAN1 perspective, normal HARQ multiplexing on PUCCH as in Rel-15 could be reused as long as the reliability can be maintained. If not, the HARQ-feedback with lowest priority should be dropped. Then, the next steps for this scenario are:
1. RAN1 should assess whether normal HARQ multiplexing on PUCCH as in Rel-15 can be reused without compromising the reliability of the HARQ-feedback of the latency-critical DL transmission
2. If RAN1 concludes such reliability cannot be achieved, RAN2 should discuss prioritization rules in the UE for dropping either DL HARQ-ACK report.


[bookmark: _Ref430012]Figure 4: Intra-UE UL prioritization between control signals/information (example: HARQ-ACK collision)
Case 3: Resource Conflict between SR and HARQ feedback.
Such collision may happen for the same reasons as in above case 2. And, similarly, the Rel-15 multiplexing of SR and HARQ feedback on PUCCH can be reused for Rel-16, with the same potential reliability concern. Hence, same next steps as for above case 2 are foreseen.
Then, it is proposed:
Proposal 4c: RAN2 waits for RAN1 to conclude if colliding DL HARQ-ACK reports or colliding DL HARQ-ACK and SR associated with URLLC LCHs can be multiplexed on PUCCH as in Rel-15 without compromising the reliability of the UCI transmission of that URLLC LCH.
Proposal 4d: If RAN1 concludes “No”, RAN2 should discuss prioritization rules in the UE for dropping one of the colliding signals for both DL HARQ-ACK / DL HARQ-ACK and DL HARQ-ACK / SR collision scenarios.
2.5 Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Information and Data.
Similar to scenario 4, CSI is not associated with any given LCH so prioritization is expected to be RAN2-agnostic. The resulting possible use cases are discussed below as sub-scenarios. Note that for all below sub-scenarios involving a collision with a PUSCH transmission it is obvious that the PUSCH transmission would carry some UL-SCH, i.e. the case where the PUSCH transmission is skipped due to absence of data is not considered as a collision and Rel-15 already specifies that the PUSCH is dropped in that case.
Scenario 5-a: Resource Conflict between PUCCH- SR and PUSCH.
This scenario can be further split into two cases:
Case 1: The SR was triggered before the MAC PDU for PUSCH was assembled
This may correspond e.g. to the case where the PUSCH resources do not meet the LCP mapping restrictions configured for the logical channel that triggered the BSR [TS38.321] or when the PUSCH was scheduled after the SR was triggered. In Rel-15, PUSCH containing UL-SCH is prioritized over PUCCH which makes sense since PUSCH will embed the BSR. But when SR is for some URLLC LCH, it is questionable whether it is reasonable to multiplex it in a “long” PUSCH transmission which will delay the BSR reception by the NW. Hence, the question is whether sending an SR can be faster e.g. if the NW schedules a preempting shorter PUSCH specifically addressing the SR. There are two possible sub-cases:
· SR overlapping with a single-slot PUSCH: to evaluate the feasibility of a faster SR procedure than the PUSCH transmission, we consider the case where the starting symbol of SR collides with that of a low priority PUSCH as shown in Figure 5. Here we assume that the gNB SR processing is same as that of a UE processing of a PDSCH (i.e. N1) and we assume the values for 30KHz SCS according to UE capability 2 in TS38.214. It can be seen that even having a PDCCH occasion immediately after gNB SR processing, the earliest PUSCH symbol resulting from the SR processing is the last symbol of the slot, so there is no benefit of not multiplexing the BSR on the PUSCH.
Observation 2: There is no point, latency-wise, in prioritizing a PUCCH-SR over a single-slot PUSCH transmission including a BSR reflecting the buffer status of the LCH that triggered the SR.
· SR overlapping with a multi-slot PUSCH: referring again to Figure 5, assume that a lower priority PUSCH is configured with 2-slot aggregation i.e. in both slots n and n+1. Then if the SR occasion occurs after the starting symbol of the PUSCH in slot n, it cannot be multiplexed in the PUSCH in either slot n or n+1 and would have to wait until the end of the second repetition. This is not desirable and the (URLLC) SR should then be prioritized over the PUSCH (at least in the second slot). However, it can be argued that multi-slot PUSCH might be marginal in TSN deployments and so it is not clear that any specification is needed because this scenario can be handled by network implementation. On the other hand, some prioritization rule is required by Case 2 (see below), hence it might as well be applicable to this case without additional effort.


[bookmark: _Ref435102]Figure 5: Scenario 5-a: PUSCH/PUCCH-SR collision when SR was triggered before MAC PDU assembly
On top of the latency aspects, the reliability is a key criterion of URLLC for IIoT [3]. And it can be that even in the above single-slot PUSCH allocation, the PUSCH MCS does not meet the reliability constraints of the URLLC LCH, which is another case where the PUCCH-SR could take priority over the PUSCH.
Case 2: The SR was triggered after the MAC PDU for PUSCH was assembled
In this case the PUSCH does not include a BSR reflecting the buffer status of the LCH that triggered the SR. Since waiting for the next SR occasion on PUCCH might not be acceptable for the triggering LCH, the on-going PUSCH transmission might be cancelled in favour of the PUCCH-SR. Thus (at least) MAC-level solutions for prioritizing PUCCH-SR over PUSCH are needed to address this case.


Figure 6: Scenario 5-a: PUSCH/PUCCH-SR collision when SR was triggered after MAC PDU assembly
Proposal 5a: UE must perform autonomous (at least MAC-level) prioritization of colliding PUSCH and PUCCH-SR for (at least) the case where the SR was triggered after MAC PDU assembly.
Scenario 5-b: Resource Conflict between PUSCH and HARQ-ACK on PUCCH
A typical use case would be for a configured grant PUSCH where gNB could take the collision risk assuming most of the time the configured grant is dropped due to no data.
When this occurs, same as for the SR, in Rel-15 the ACK/NACK is multiplexed in the PUSCH. But in Rel-16, it is not reasonable to multiplex URLLC HARQ ACK in a “long” PUSCH transmission considering:
1. If a re-transmission is needed for a URLLC LCH, it should not be delayed
2. If the re-transmission triggers switching to survival time [4], the transmitter (in this case the gNB) should be aware of it as soon as possible.
Proposal 5b: UE must perform autonomous MAC-level prioritization of colliding PUSCH and HARQ-ACK on PUCCH.
Scenario 5-c: Resource conflict between PUCCH and PUSCH where PUCCH carries both SR and HARQ-ACK
This scenario (use case) is a merge of scenarios 5-a and 5-b, but should still be regarded as a relevant scenario.
Proposal 5c: RAN2 should also consider MAC-level prioritization of colliding PUSCH and PUCCH where PUCCH carries both SR and HARQ-ACK.
Scenario 5-d: Prioritization of UL-SCH over MAC CEs in MAC PDU
In Rel-15, most MAC CEs are prioritized over UL-SCH MAC sub-PDUs. However this should be improved to allow some URLLC MAC sub-PDUs to take priority over some MAC CEs [2]. In one typical example, in order to match 802.1Qbv time slots configured across the TSN devices, configured grants matching the time intervals and payloads of the configured periodic deterministic TSN streams will be configured to carry such packets over Uu. Therefore such CG allocations should be used in priority by the targeted packets of the TSN streams provided that segmenting such packets due to large MAC CEs (e.g. BSR, PHR) will delay the TSN message which then may miss its end-to-end latency requirement. In order to avoid this, the LCH such TSN streams are mapped onto should take priority even over MAC CEs.
It should be further noted that when URLLC data is served by configured grants, such grants are pre-configured semi-statically while MAC CEs can be triggered at any time e.g. PHR MAC CE due to a pathloss change and periodic BSR can be anything but periodic since periodicBSR-Timer is re-started upon any new regular BSR report. As a result such collision of URLLC data and MAC CE cannot be always avoided by gNB implementation. 
Observation 3: Collision of URLLC data and MAC CE in the same grant cannot always be avoided by gNB implementation.
Proposal 5d: UE must perform autonomous MAC-level prioritization of UL-SCH data and MAC CEs in LCP
3. Conclusion
In this document, we further investigated the details of the 5 scenarios selected by RAN2 in the scope of the intra-UE prioritization and multiplexing study, resulting in the following observations and proposals:
Scenario 1: Intra-UE DL Prioritization
Proposal 1a: No other mechanism or specific signal is required to indicate the overriding.
Proposal 1b: PHY can derive the preemption by itself from PDCCH parsing without the need for MAC to explicitly instruct anything.
Proposal 1c: No UE autonomous selection of which PDSCH to prioritize is foreseen.
Proposal 1d: From RAN2 perspective, in case of partial overlap, the 2nd DCI can be received before or after the 1st transmission has started.
Scenario 2: Intra-UE UL Prioritization - Resource Conflict between Configured and Dynamic Grants
Proposal 2a: Prioritization between dynamic and configured grants on overlapping resources is decided by UE based on RAN2 (MAC) criterions.
Proposal 2b: No specific signal or DCI field is required to indicate the overriding.
Proposal 2c: RAN2 takes as working assumption that the de-prioritized transmission is fully cancelled (no partial transmission is performed in UL).
Proposal 2d: From RAN2 perspective, there is no assumption that no transmission would have started before a prioritization decision can be made.
Observation: It is FFS in RAN1:
· how gNB will detect which of dynamic or configured grant was transmitted;
· if any scheduling restrictions (e.g. no overlap in frequency, DG cannot start earlier than CG, …) are required for this scenario;
· if any RAN1-specific prioritization criterions e.g. processing latency and power saving impacts
Scenario 3: Intra-UE UL Prioritization - Resource Conflict between Dynamic Grants
Proposal 3a: No UE autonomous selection of which PUSCH to prioritize is foreseen for this scenario.
Proposal 3b: No specific signal or DCI field is required to indicate the overriding.
Proposal 3c: RAN2 takes as working assumption that the de-prioritized transmission is fully cancelled (no partial transmission is performed in UL).
Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Information and Control Information
Proposal 4a: Prioritization involving CSI collision is expected to be RAN2-agnostic hence is out of RAN2 scope.
Proposal 4b: Further study on priority handling between SRs with conflicting resources is not needed.
Proposal 4c: RAN2 waits for RAN1 to conclude if colliding DL HARQ-ACK reports or colliding DL HARQ-ACK and SR associated with URLLC LCHs can be multiplexed on PUCCH as in Rel-15 without compromising the reliability of the UCI transmission of that URLLC LCH.
Proposal 4d: If RAN1 conclusion is “No”, RAN2 should discuss prioritization rules in the UE for dropping one of the colliding signals for both DL HARQ-ACK / DL HARQ-ACK and DL HARQ-ACK / SR collision scenarios.
Scenario 5-a: Resource Conflict between PUCCH- SR and PUSCH.
Observation 2: There is no point, latency-wise, in prioritizing a PUCCH-SR over a single-slot PUSCH transmission including a BSR reflecting the buffer status of the LCH that triggered the SR.
Proposal 5a: UE must perform autonomous (at least MAC-level) prioritization of colliding PUSCH and PUCCH-SR for (at least) the case where the SR was triggered after MAC PDU assembly.
Scenario 5-b: Resource Conflict between PUSCH and HARQ-ACK on PUCCH
Proposal 5b: UE must perform autonomous MAC-level prioritization of colliding PUSCH and HARQ-ACK on PUCCH.
Scenario 5-c: Resource conflict between PUCCH and PUSCH where PUCCH carries both SR and HARQ-ACK
Proposal 5c: RAN2 should also consider MAC-level prioritization of colliding PUSCH and PUCCH where PUCCH carries both SR and HARQ-ACK.
Scenario 5-d: Prioritization of UL-SCH over MAC CEs in MAC PDU
Observation 3: Collision of URLLC data and MAC CE in the same grant cannot always be avoided by gNB implementation.
Proposal 5d: UE must perform autonomous MAC-level prioritization of UL-SCH data and MAC CEs in LCP
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